Objective: To investigate: the accuracy of measuring relative left/right weight-bearing using two identically calibrated weighing scales; the short-term weight-bearing tendencies in a general population of 9 participants and long-term in 42 females; the effect weight-bearing inequalities on hip bone mineral density and leg lean tissue mass. Method: Participants were measured standing astride two scales. Short-term volunteers were measured 10 times on one visit, with repositioning between measurements and the long-term group were measured on three visits at 6 month intervals. Baseline bilateral hip and total body Dual X-ray Absorptiometry scans were performed on the long-term group. Results: The short-term Coefficient of Variation is 5.41% and long-term 7.01%. No significant correlations were found between hip bone density differences and weight-bearing inequalities, although a weak correlation of r = 0.31 (p = 0.047) was found for differences in leg lean tissue mass. Conclusion: Left/right weight-bearing measured using two scales is a consistent method for evaluating weight distribution through the legs. The short-and long-term weight-bearing tendencies showed a similar degree of variation. Weightbearing inequalities were not associated with any significant left/right differences in bone mineral density at the hip, but were weakly associated with left-right differences in leg muscle mass.
INTRODUCTION
Studies investigating the effects of differences, or long-term changes, in relative left/right weight-bearing (L/R WB) through the legs may require only limited information on postural parameters that could be provided by a relatively simple and convenient method using two identically calibrated standard weighing scales. A number of studies investigating re-ambulatory function, activity and recovery following injury or surgery, use technologically sophisticated methods, including force plates and portable monitoring devices such as accelerometers, to assess changes in patients' weight-bearing activity and return to 'normal' gait (1) (2) (3) (4) (5) . Although these devices provide comprehensive information, they may not be readily available in a clinical or research setting and a simpler, cheaper alternative may need to be employed. Force plates are generally fixed in position and require specialist installation. Even when this equipment is available, its use may prove prohibitively difficult where it is not readily accessible to patients with limited mobility. Manual handling issues, safety and convenience for both participant and researcher need to be considered. A simple and effective method using two sets of identically calibrated, high quality weighing scales, may therefore be preferable in some situations where patients are required to undergo a number of different tests, but cannot be conveniently and safely transferred between sites where other more specialised equipment may be available. Portable force plates are available but are relatively expensive. Data acquisition by this method can be time-consuming and may not be suitable for study populations suffering from severe pain that limits their ability to participate in extensive physical testing. Whilst the broad range of biomechanical information provided by force plates and accelerometers may be desirable in complex gait analysis, its clinical utility may be limited by the technical expertise required to use and interpret it (6) . A dual-scales method could provide a simple and reliable alternative where only basic information on standing weight-bearing through the legs is required. It is evident that this method is currently used in some clinical situations to monitor changes in left/right weight distribution in patients recovering from conditions that are associated with alterations in posture. Although this is a simple option, no published studies have been found that have investigated the accuracy of this method.
The effects of altered or absent mechanical loading, resulting from immobilization, have been investigated in numerous studies of populations affected by stroke (7) (8) (9) , spinal cord   EVALUATION OF A DUAL-SCALES METHOD TO MEASURE  WEIGHT-BEARING THROUGH THE LEGS, AND EFFECTS OF WEIGHT-BEARING INEQUALITIES ON HIP BONE MINERAL DENSITY AND LEG  LEAN TISSUE (11) (12) (13) and spaceflight (14, 15) where muscle loss and Disuse Osteopenia have been reported as a consequence. Disuse Osteopenia is a condition characterized by a loss of bone mineral density (BMD) and micro-architectural changes that may result in a reduction to the structural integrity of bones predisposing them to increased fracture risk (16) (17) (18) (19) . Prolonged immobilization, reduced weight bearing activity and altered L/R WB are inevitably associated with leg injury or surgery and potentially result in either unilateral or bilateral loss in BMD and leg muscle mass (20) (21) (22) (23) (24) (25) (26) (27) . In order to investigate the effects of altered L/R weight distribution in an injured study population using the dual-scales method, it is first necessary to assess the accuracy of the method, and the normal L/R WB variation of a general population in the immediate short term. Using the dual-scales method, L/R WB in an uninjured control sample from a current study on Disuse Osteopenia in a postmenopausal female population was used to investigate if minor/normal inequalities in L/R WB at a baseline visit were associated with any differences in L/R BMD and Lean Leg Tissue Mass (LLTM). Participants from this control group returned at 6 and 12 month intervals and were re-measured to assess the long-term variation in their L/R WB tendencies.
METHODS
This study investigated: 1) (a) The accuracy of a method for measuring L/R weight distribution using two sets of identically calibrated scales, and (b) the short-term variation of L/R WB tendencies in a general population sample comprising a mixed age and sex group of 9 volunteers (Group A). 2) (a) The effect of L/R WB inequalities at baseline on BMD at the hip and on LLTM measured by Dual Energy X-ray Asorptiometry (DXA), and (b) the long-term L/R WB tendencies in a control group of women from a current study investigating Disuse Osteopenia (Group B).
Participants
Group A comprised a mixed sex group of 9 volunteers (aged 19-54 years). Volunteers were recruited from students, staff and members of the public available at the Children's Health and Exercise Research Centre, University of Exeter. No exclusion criteria were applied other than absence of an adult history of leg fracture or surgery. Data were analysed from the control population, Group B, of an existing study investigating the effects of changes in L/R WB during recovery from leg injury or surgery. This group comprised 42 postmenopausal women > 45 years, with no history of leg or ankle fracture. Participant characteristics for Groups A and B are shown in Table I .
The project was reviewed and approved by the Devon and Torbay Research Ethics Committee REC Ref: 09/H0202/64.
Methods
Group A. (a) Three participants from Group A were weighed on one set of scales to establish their true total weight. The scales were calibrated equally by placing identical weights on each. Ensuring stability of the scales, participants were then positioned in a natural standing posture astride two sets of scales (Seca 877, Germany) as shown in Fig. 1 . Participants were instructed to stand in a forward facing position that they would naturally adopt when standing still with no specific instruction given regarding the placement of their feet on the scales. They were asked to look directly ahead, (to prevent participants adjusting their stance when seeing their readings), and were also asked not to speak during the measurement to avoid unnecessary movement. As it is not possible to simultaneously read both left and right digital readouts (due to the inherent tendency of participants to sway slightly), the measurement was recorded photographically. This procedure was repeated 10 times for each participant. The combined weight measured on the two scales was compared to the true total weight measured on one scale to calculate the error in the method. Recording the measurement photographically for routine use of this method was impractical due to the problem of glare from the camera flash that frequently obscures the weight reading in the image. The following technique was therefore applied for the remainder of the study. Participants were weighed on one set of scales to measure their total weight. To account for the natural tendency for participants to sway slightly when standing still, the mean of 3 random consecutive readings, recorded from the left hand side, was taken as representative of the participant's left side weight-bearing. The right measurement was calculated as the difference between left mean weight-bearing and the participant's total weight. Measurements were taken with the researcher standing slightly behind the participant to minimise any influence on their balance. To assess the possible influence of the researcher's proximity to the participant, the mean of 3 measurements was also recorded from the right side and compared to the calculated result. (b) The technique described above was repeated 10 times with repositioning after participants had walked across the room between measurements.
Group B. (a) Group B measurements acquired at their baseline visit by DXA (GE Lunar Prodigy, Bedford, MA) from bilateral hip and total body scans were correlated with L/R WB measurements at baseline to assess whether any inequalities in L/R WB at this time point were associated with differences in L/R LLTM or BMD at the Total Hip or Neck of Femur (NOF). These regions were selected as they are most clinically relevant for the assessment of fracture risk. (b) L/R WB measurements were recorded in Group B by the dual-scales method at each of 3 visits at baseline, 6 months and 12 months. 
Statistical analysis
The mean percentage difference between total weight measured on one scale and the combined weight distributed over two scales was calculated. The Intraclass Correlation Coefficient (ICC) between the right calculated and right recorded results, for Group A, was computed (SPSS version 18.0). Short-and long-term consistency in L/R weightbearing was calculated using the Root Mean Square Coefficient of Variation (RMSCV%) using the formula described by Gluer et al (28) . Linear regression analysis (SPSS version18.0) was used to investigate relationships between left/right differences in weight-bearing and differences in BMD (at total hip & NOF sites) and LLTM from Group B results recorded at their first visit. Table II . No significant correlation was found in Group B between hip BMD differences and L/R WB at baseline. A weak, but statistically significant correlation of r = 0.31 (p = 0.047) was however found for differences in LLTM and L/R WB differences. (b) The mean percentage L/R WB at baseline for Group B was 51:49. The long-term CV for L/R WB in Group B was 7.01%.
RESULTS

Group
DISCUSSION
The results demonstrate that total weight distributed over dual scales accurately reflects total weight measured on one scale, and this is an effective method for evaluating weight distribution through the legs in a natural standing posture. The posture of participants was only minimally affected by the proximity of the researcher when recording the measurements. The short-and long-term L/R WB tendencies in Groups A and B, respectively, showed a similar level of variation. In a healthy postmenopausal population, inequalities in L/R WB were not associated with any significant L/R differences in BMD at the hip, but were weakly correlated with L/R differences in leg muscle mass.
To assess the accuracy of two sets of identically calibrated scales to record the L/R distribution of total weight, it was necessary to establish that the combined weight measured whist standing astride two scales equalled the total weight measured conventionally on one scale. A photographic method was employed because the digital readout of the scales was highly sensitive to minor participant movements and it was therefore impossible to simultaneously read both digital readouts visually. The small amount of measurement error (0.34%) indicates that this is an accurate method. This photographic method is not however practical for routine use as the digital readout from the scale can often be obscured in the image due to glare from the camera flash. For this reason, having established that the dual scales are accurately measuring the distribution of total weight, an alternative visual method was adopted. To allow for the natural side-to-side sway of participants whilst standing on the scales, 3 consecutive readings were taken from the left-hand side and the mean of these calculated as representative of weight-bearing on that side. The right side was calculated as the difference between the left side mean weight-bearing and the participant's total weight (recorded on one set of scales). It should be stressed that the equipment used in this study were very high quality 'bathroom style' scales with large flat surfaces and no protruding dials as shown in Fig. 1 . Participants were therefore able to place their feet on the scales in any position without adapting their normal stance. The efficacy of this method may not therefore be applicable to scales of a different design or poorer quality.
An individual's perception of 'personal space' is the area surrounding them within which they do not comfortably tolerate the proximity of a stranger (29) , and it was therefore postulated that a participant's stance could be influenced by the proximity of the researcher with a tendency to move slightly towards or away from someone standing very close to them. This phenomenon was assessed by comparing the right side calculated result with the result recorded by the researcher standing on the right side. The ICC between the right calculated and right recorded results was 0.77 indicating that participants' balance was only minimally affected by the proximity of the researcher.
To establish the short-term consistency of L/R WB tendencies, Group A participants were re-measured 10 times after walking across the room and returning to stand on the scales. Their results demonstrated a short-term CV of 5.41% indicating that there is a small amount of short-term inconsistency/ variation in participants L/R WB tendencies. The long-term CV over 3 visits at 6 month intervals for Group B was 7.01% indicating a degree of L/R WB variation comparable to the short-term CV in a general population sample represented by Group A. Fig. 2 shows the left side weight-bearing variation of individual participants in Group B over the 12-month period and although a number of participants demonstrated considerable long-term variation in their weight-bearing, most showed a consistent tendency to bear more weight on a particular side.
As participants from both Group A and B were fully mobile with no recent history of lower limb injury, it was not expected that either would demonstrate any notable difference in their left/ right weight-bearing. Whilst a number of individuals exhibited large differences between their left and right weight-bearing, the percentage means for groups A and B were 50/50 and 49/51, respectively. It was therefore not anticipated that significant differences would be apparent in the Group B left/right measures of BMD and this was confirmed by the results. A small but statistically significant correlation was however found for differences in LLTM and L/R WB differences. The reason for this result is unclear. Whilst evidence from the literature suggests that any deficit in LLTM or BMD is attributable to reduced mechanical loading, it could also be feasible that weight-bearing inequalities are the result of unilaterally reduced muscle mass. In a study of healthy young adults, Hoffman et al. (30) found no difference in unilateral postural stability between the functionally dominant and nondominant lower limbs and therefore leg dominance (comparable to left or right-handedness) is not thought to account for these side-to-side differences. Leg dominance was not however investigated in this study. In populations sustaining lower limb injury or surgery, it is possible for the range of unilateral weight-bearing to be 0-100% over the period from injury to full remobilization, potentially resulting in marked changes bilaterally in BMD and LLTM during the course of recovery. Although Group B participants had no history of leg or ankle fracture, 11 participants reported previous unilateral leg pathology, and 3 bilateral. These injuries or disabilities ranged in severity from minor arthritis to a ruptured patella tendon, and in incidence from 18 months to 40 years previously. The mean percentage L/R WB of these participants as a sub-group was not however significantly different to the non-injured controls; 49/51 compared to 51/49, respectively.
Although the results in the current paper relate to a fully ambulatory population, in circumstances where injured participants use support from either walking sticks or crutches, weight bearing on their legs is measured by weighing them with the supports resting on the adjacent floor in their normal standing, supported position. Relative left/right weight-bearing is then calculated as a percentage of their total unsupported weight. All participants in this study were able to provide an unsupported weight measurement.
The major limitation of this dual-scales technique is that it measures weight-bearing in an upright stance and this may not be representative of typical weight-bearing during other activities including walking. Participants frequently commented that they rarely stand in this forward facing upright posture and adopt a more casual stance when standing for long periods. This may be less applicable to patient populations whose injuries limit their postural flexibility. It is acknowledged that this dual-scales method can only provide limited postural information on L/R weight distribution and the accuracy of this method has not been compared to the same parameter as measured by alternative, more sophisticated methods; nor does this study attempt to infer any information regarding other parameters of gait or balance. This method, using scales of suitable quality, does however afford sufficient refinement to discriminate between the relatively minor L/R WB inequalities demonstrated by a normal/control population with the greater left/right differences likely to be exhibited in patient populations affected by leg injuries or surgery. It has the advantage of being safe, easy to use and relatively inexpensive compared to alternative methods for weight-bearing assessment using equipment such as force plates or accelerometers.
